Life
Underfggdifils

Investigators:

Jan Amend (USC)

Ken Nealson (USC)
Katrina Edwards (USC)
Moh El-Naggar (USC)
Yuri Gorby (RPI)

Victoria Orphan (Caltech)
Rohit Bhartia (JPL)

Duane Moser (DRI e ) A
R S ESA B ./‘-/.i" ~

Holly Willis (USC) e Lt B

Professor Jan P. Amend
University of Southern California
Los Angeles, CA 90089

California Institute of Technology
Jet Propulsion Laboratory
Desert Research Institute



Life
Underfggdifils

Investigators:

Jan Amend (USC)

Ken Nealson (USC)
Katrina Edwards' (USC)
Moh EI-Naggar (USC)
Yuri Gorby (RPI)

Victoria Orphan (Caltech)
Rohit Bhartia (JPL)
Duane Moser (DRI)

Holly Willis (USC)

Professor Jan P. Amend
University of Southern California
Los Angeles, CA 90089

California Institute of Technology
Jet Propulsion Laboratory
Desert Research Institute






Overall Research Structure S DRI ® Renseler

In situ Life Detection and
Characterization

Duane Moser
Ken Nealson

Guided Cultivation of Energy Flow and

‘Intra-Terrestrials’ H Metabolic Modeling



e Boreholes From surface (Nevares, NNSS, ICDP)

- ‘ ‘S

~ * Boreholes within mines (surp
o Deeply-sourced springs (Cedars, Ash Meadows)

 Marine subsurface (shimokita, c-DEBI sites) <
.o Extraterrestrial sites (mars)

&




In situ Life Detection and
Characterization
Roh Bhartia, Victoria Orphan

»

Guided Cultivation of Energy Flow and

‘Intra-Terrestrials’ H Metabolic Modeling



FLOCS

MOBIUS

Instrument Arsenal

S 0

\e88/ JPL e«

W USC
< DRI
=

® Rensselaer

Lab Based: Microbial Distribution

MOBIUS-NAI DUV Scope

SHERLOC

Hyspex

(Near ir spectral imaging)

Mineralogy Microbe ID & Metabolic Potential

FISH+ single cell isotope analysis

Raman nanoSIMS
(UV-NIR Raman (Secondary lon Mass

Imager) Spec)



Overall Research Structure S DRI ® Rensseler

In situ Life Detection and
Characterization

|

Energy Flow and
Metabolic Modeling

Guided Cultivation of
‘Intra-Terrestrials’
Moh El-Naggar, Yuri Gorby




UnderliiGl

Down-flow hanging
sponge reactors

i éi

“(

—1<— B
Gas phase

66C

2

:HHHIH(H(QE’

C

Effluent




Overall Research Structure S DRI ® Rensseler

In situ Life Detection and
Characterization

|

" 4

Guided Cultivation of
‘Intra-Terrestrials’

Energy Flow and
Metabolic Modeling
Jan Amend, Doug LaRowe




Under ZCl (\-\
ol W) Global Sediment Bioenergetics

Weight % POC

Sediment Depth (crm)

-800

Equatorial cross section
150 100 -50

N o

0 05 1 15 25 3 35 4
(Wallman et al., 2012) gm2yrt (LaRowe et al., in prep)
o South Pacific Gyre sediments - I0DP site U1365 0 |
10 | 10 ]
w— 20 1 , 20 1
3 Maintenance
g 30 . Powers 30 1
T 40 1 | Bioenergetic * 0,+0M, Iit./4° |
E o0 | | Modeling * Lowest, lit. 50 - 1
|_|QJ o Rate of POC (LaRowe and * 2 orders of
| degradation | [ Amend 2015) magnitude Biomass
70 - lower 70 supported
80 S 80 S
17 16 -15 -14 -13 -123 -111 4 2 0 2 4 6 8
. - -3
Rate, log (mol POC cm™ yr™) log (cells cm™)

(LaRowe and Amend, in prep)

(LaRowe and Amend, in prep)




8:30 Life Underground: The Game
(T. Fullerton)
I 8:50 Culturing Continental ‘Intraterrestrials’

(L. Momper, Y. Jangir)

19:10  SHERLOC, a Mars2020 Flight Instrument
(R. Bhartia)

| 9:30 Life in Ultrabasic Springs: The Cedars - 2
(K. Nealson) |

9:50 IODP x337: Shimokita Coal Bed
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Life Underground: The Game TUSC&-&¥
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9 Lily Momper & Yamini Jangir (USC grad. students) £ DRI ®Rensselaer
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SHERLOC and Friends

Rohit Bhartia (JPL)
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The Cedars

Ken Nealson (USC Earth Sciences) 2 DRI ®Rensselaer
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CHIKYU shakedown cruise

|| methane hyeraes

Study the interactions
between 2-km deep
coalbeds and subseafloor
microbial life.

Probe the deepest life
ever accessed by
scientific ocean drilling
and constrain factors
limiting life.

Inagaki, Hinrichs, and Kubo, IODP Sci. Pros., 2010
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Focus on the biophysics of
microbial electron transport
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Life and Nanowires
Moh El-Naggar (USC Physics)
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Metal ions accept electrons,
generating energy for the cell



